Dengue is currently regarded as the most important mosquito-borne viral disease, in terms of both geographical distribution and number of cases reported annually. Recent studies have estimated a risk population of 3.97 billion people, and of the major vector-borne diseases the cases of dengue have been prevailing over those of malaria in the Americas, Asia and much of Africa^[@B05],[@B06]^.

The etiological agent, the Dengue Virus (DENV), belongs to the genus *Flavivirus* of the family Flaviviridae, and the main mosquito vector to transmit the disease to humans is the predominantly urban species *Aedes aegypti* ^[@B11]^.

The disease has a wide clinical spectrum - ranging from a flu-like illness to severe dengue - and, therefore, it is not possible to determine the clinical manifestations that can ensue at the time of dengue infection. Although, there is no specific treatment for dengue, early diagnosis may guide appropriate clinical management and, thereby, prevent severe complications and/or death^[@B24]^.

The state of Roraima, located in the Brazilian Amazon region, has shown a high incidence of infection over the past decade^[@B01]^ and is currently recognized as a hyperendemic area, as well as a port-of-entry for serotypes and genotypes of dengue viruses into Brazil. DENV-4 reemerged in Roraima in 2010^[@B02],[@B19]^, 28 years after it was last detected in the state, and now all four dengue serotypes are circulating^[@B01]^. In recent years, the state has seen an increase in severe forms of the disease, probably due to secondary infections and/or higher virulence of circulating strains^[@B01]^. The World Health Organization (WHO) currently recommends early laboratory tests for the diagnosis of the dengue virus infection using NS1 antigen detection in human serum^[@B24]^, and this is mostly adopted in Roraima. The highly immunogenic non-structural glycoprotein NS1 contains approximately 353 amino acids (46 kDa) and is more conserved among the flaviviruses. Although, NS1 does not form part of the virus structure, it is required for viral RNA replication. It is also displayed on the surface of infected cells and is secreted into the bloodstream, during the acute phase of the disease. This latter characteristic makes it sensitive enough to diagnose a patient on the very first days of infection^[@B04],[@B17]^.

In 2012, 998 serum samples from presumptive diagnosis of dengue were tested with the use of the Bio-Rad Platelia™ Dengue NS1 antigen capture kit at the Central Public Health Laboratory in Roraima (LACEN/RR). Of these samples, 778 (78%) tested negative, i.e. they were ruled out for dengue infection through laboratory diagnosis. Based on this, two questions arise: have these patients been infected by other arboviruses? Does the dengue NS1 antigen test give rise to false-negative results?

To find answers to these questions, it was first decided to assess the possibility of false-negative results for the samples ruled out by the dengue virus NS1 antigen detection. In order to carry out this evaluation, the most sensitive TaqMan - MGB probed real-time quantitative reverse transcription PCR (TaqMan qRT-PCR) technique was applied.

Of the 778 cases initially discarded in 2012 as not being dengue, 150 samples were randomly selected from patients who, in addition to fever, had in their clinical records one or more common signs of dengue such as arthralgia, headache, retro-orbital pain, chills, myalgia, and rash. The average time of sample collection was 1-5 days after the onset of the symptoms.

Viral RNA was extracted directly from serum by the Axygen® AxyPrep™ Body Fluid Viral DNA/RNA Miniprep kit, and subsequently subjected to the qRT-PCR assay (GURUKUMAR *et al.*, 2009)^[@B12]^. This technique is able to detect the genome of any of the four dengue serotypes, but unable to identify specific serotype DENV infection. Fluorescence reading was performed on a StepOne™ Real-Time PCR system. All reactions were performed under the same conditions with the use of ROX as a passive reference dye for normalization of data and VIC as reporter. Samples with Ct \< 39 were considered to be dengue positive and underwent serotyping by semi-nested RT-PCR, as described by LANCIOTTI *et al.* (1992)^[@B15]^ and an immunochromatographic assay that allows qualitative and differential detection for IgG and IgM antibodies (Dengue Test Bioeasy)^[@B08]^. IgG positive samples, collected until the 4^th^ day from the onset of symptoms, were characterized as secondary infection^[@B07]^.

Of the 150 samples tested, 33 (22%) were positive by qRT-PCR. The samples with the false-negative NS1 antigen were collected between 1-4 days after the onset of symptoms ([Table 1](#t01){ref-type="table"}) within this period, according to the literature and the manufacturer\'s instructions, dengue NS1 antigen tests are highly sensitive^[@B03],[@B20]^.

Table 1Results description of used samples in this study[^1][^2][^3][^4]

Studies from different countries indicate a low sensitivity on the NS1 test in secondary infection\[9,14,16,18.23\], and as Roraima is a hyperendemic State to dengue, at first, it was considered that the main cause for this high number of false negative samples was due to secondary infection. Nevertheless, only eight (28%), of the 30 analyzed samples, showed positive IgG ([Table 1](#t01){ref-type="table"}).

In 37% of the IgG positive samples IgM antibodies were also detected. FELIX *et al.*, on a dengue outbreak in 2010 in Santos-Brazil, found 64.2% IgM positive among a total of 260 samples with secondary infection^[@B10]^.

All four dengue virus serotypes were reported among the positive cases (Fig.1), and these findings are sufficient to classify the state of Roraima as a hyperendemic area. The most common serotype DENV-4 accounted for 75% of the tested serum samples. These data are consistent with that of the Roraima State Epidemiology and Surveillance Branch for this period, which shows that a further 90% of the samples sent for viral identification in 2012 were DENV-4^[@B21]^. According to the manufacturer\'s instructions the sensitivity of the assay does not differentiate between dengue serotypes^[@B20]^, however, a study conducted in the state of Sergipe, in Northeastern Brazil, found 48.7% false negative, among 119 samples tested for the NS1 antigen. All the negative samples were identified as DENV-4, and authors point to a low sensitivity of the Platelia dengue NS1Ag test in regions where this serotype is predominant^[@B22]^. The DENV-4 strains tested in this study belong to genotype II, the same one that is circulating in the state of Roraima^[@B19]^, and considering that the Bio-Rad kit uses a monoclonal antibody, it was suggested that this antibody is likely to have low-affinity to epitopes of NS1 from the DENV-4 genotype II, however, there are studies that did not find any difference in the NS1 amino acid sequence in DENV-2 false negative and positive samples for the NS1 Ag detection^[@B10]^.

Fig 1Agarose gel analysis of Hemi nested RT-PCR products from Dengue virus. Lane 1: 100pb ladder; Lane 2: positive control DENV-1 (482pb); Lane 3: positive control DENV-2 (119pb); Lane 4: positive control DENV-3 (290pb); Lane 5: positive control DENV-4 (392pb); Lane 6: sample patient A05 (482pb); Lane 7: sample patient A16 (119pb); Lane 8: sample patient A63 (290pb); Lane 9: sample patient A44 (392pb); Lane 10 negative control.

After interrelating the NS1 test sensitivity to dengue serotypes, GUZMAN *et al.* \'s study^[@B13]^ evaluated the four dengue serotypes in samples from Southeast Asia and Latin America, which described the lower sensitivities by the Platelia Dengue NS1 Ag kit in DENV-2. Studies performed in Brazil, before DENV-4 reemerged, found the lowest sensitivity to serotypes DENV-2 and DENV-3^[@B10],[@B18]^.

The analysis presented here reinforces the importance of increasing the awareness of healthcare providers regarding the fact that patients tested negative by the NS1 antigen detection may be infected with the dengue virus, especially when the clinical symptoms and other laboratory data indicate such infection.
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[^1]: Symptom onset results, serology and identified serotypes refer to samples positive by qRT-PCR;

[^2]: 03 samples tested by qRT-PCR were insufficient for **[serology]{.ul}**;

[^3]: Five samples positive by qRT-PCR could not be detected by semi-nested RT-PCR;

[^4]: All samples positives to IgM were also positive to IgG.
